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A  Comparison  of  Zero-Moment  Wave  Height  to  the 
Standard  Deviation  of  a  Vitel  Tide  Gage 

Purpose 

This  technical  note  describes  a  comparison  between  the  zero-moment 
wave  height  measured  by  a  Baylor  wave  gage  and  the  standard  deviation 
of  measurements  from  a  Vitel  tide  gage* 

Background 


During  the  period  July-October  1992,  the  U.S.  Army  Engineer  Water¬ 
ways  Experiment  Station  (WES)  Coastal  Engineering  Research  Center 
(CERC)  collected  data  simultaneously  £rom_a_Vitel  tide  gage  and  a  Baylor 
wave  gage  at  the  Field  Research  Facility  (FRf)  in  Duck,  NC.  The  Vitel 
gage  sampled  the  water  height  at  4  Hz  and  calculated  an  average^ water 
level  and  standard  deviation  every  6  min.  A  zero-moment  wave  height 
(Hm  )  was  calculated  using  34  min  of  data  obtained  from  the  Baylor  wave 
staff0  A  comparison  was  made  between  the  standard  deviation  of  the 
Vitel  gage  and  the  zero-moment  wave  height  as  measured  by  the  Baylor 
wave  gage.  It  was  found  that  the  relationship  between  the  standard  devia 
tion  and  the  zero-moment  height  was  nearly  linear. 


Additional  Information 

Contact  the  author,  Mr.  Paul  Trapier  Puckette,  (601)  634-2336,  or  the 
manager  of  the  Dredging  Research  Program,  Mr.  E.  Clark  McNair,  (601) 
634-2070,  for  additional  information. 


Introduction 


Site-specific  wave  data  are  sometimes  desirable  for  planning,  design,  or 
contract  administrative  purposes  of  a  dredging  project.  While  conven¬ 
tional  wave  gages  usually  can  satisfy  the  data  acquisition  requirements, 
the  operation  and  maintenance  cost  of  a  long-term,  sole-purpose  gage 
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often  cannot  be  supported  or  justified.  Moreover,  the  degree  of  data  de¬ 
tail  provided  by  conventional  gages  may  be  greater  than  necessary  to  sat¬ 
isfy  project  requirements.  An  alternative  is  proposed  herein  whereby 
conventional  tide  gages,  which  often  are  used  to  support  dredging  proj¬ 
ects,  can  be  used  to  provide  a  quantitative  estimate  of  the  local  sea  state. 

The  term  "sea  state"  is  preferred  herein  because  no  estimates  of  wave 
period  are  derived  from  the  tide  gage  data.  The  wave  climate  estimates 
are,  however,  expressed  in  terms  of  zero-moment  wave  height.  The  tide 
gage  used  for  this  study  was  a  Vitel  model  WLS-1.  The  gage  uses  a 
down-looking  acoustic  transceiver  that  determines  the  water  level  by  mea¬ 
suring  the  time  of  flight  of  an  acoustic  pulse  confined  to  a  small  tube  as  it 
travels  vertically  to  the  water  surface  and  returns.  The  gage  samples  the 
water  surface  elevation  at  approximately  4  Hz,  fast  enough  to  avoid  ali¬ 
asing  of  all  but  the  very  highest  frequency  gravity  waves.  The  Vitel  gage 
normally  computes  a  mean  water  level  averaged  over  3  min;  for  the  spe¬ 
cific  instrument  involved  in  this  study,  a  6-min  average  was  used.  In  ad¬ 
dition  to  the  mean  water  level,  the  gage  also  computes  the  standard  devia¬ 
tion  (Gaussian  distribution  assumed)  and  number  of  outliers  (those  water 
level  elevations  exceeding  three  standard  deviations  from  the  mean). 

The  rationale  involved  in  using  the  standard  deviation  as  an  indication 
of  sea  state  stems  from  the  definition  of  the  zero-moment  wave  height,  de¬ 
fined  as  4  times  the  square  root  of  the  variance  of  the  wave  record.  Since 
the  standard  deviation  is  the  square  root  of  the  variance,  the  zero-moment 
wave  height  should,  in  principle,  equal  4  times  the  standard  deviation. 

The  field  study  described  herein  compares  the  wave  heights  determined 
using  a  surface-piercing  wave  staff  and  standard  spectral  analysis  tech¬ 
niques  with  the  values  of  standard  deviation  computed  by  the  Vitel  gage. 

Equipment 

The  Vitel  gage  is  typically  used  for  tidal  measurements  along  coastal  re¬ 
gions.  The  gage  consists  of  a  hollow  tube  (0.5  in.  (1.3  cm)  in  diameter) 
with  an  acoustic  transceiver  at  one  end.  The  tube  is  mounted  vertically 
with  the  transceiver  elevated  above  the  water  and  the  open  end  sub¬ 
merged  to  a  depth  below  the  lowest  expected  water  level.  The  transceiver 
emits  a  sonic  pulse  and  monitors  the  return  echo  from  the  surface  of  the 
water.  Based  on  the  length  of  time  from  the  emission  of  the  pulse  to  the 
return  echo,  the  instrument  calculates  the  distance  of  the  water  surface 
from  the  transceiver  and,  hence,  the  water  level. 

A  standard  Vitel  gage  samples  the  water  height  in  the  tube  at  4  Hz  for 
3  min  and  then  calculates  an  average  water  height  and  standard  deviation 
of  the  water  height  over  that  3-min  time  period.  The  Vitel  gage  used  to 
collect  this  data  set  was  modified  to  a  sampling  interval  of  6  min  with  the 
same  sampling  frequency. 
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The  Baylor  wave  gage  is  an  impedance-type  wave  staff  that  samples  the 
water  height  at  2  Hz.  The  gage  samples  over  a  34-min  period  and  calcu¬ 
lates  a  zero-moment  wave  height  for  that  34-min  period.  The  energy  den¬ 
sity  spectrum  for  the  sampling  interval  is  calculated;  then  the  spectrum  is 
integrated  over  all  frequencies  from  0.04  to  0.50  Hz.  This  gives  the  total 
variance  (which  could  also  be  calculated  from  the  average  of  the  square  of 
the  individual  wave  heights)  (Earle  and  Bishop  1984).  The  estimate  of  the 
zero-moment  wave  height  is  obtained  by  taking  the  square  root  of  the 
total  variance  and  multiplying  by  4.0. 


The  Vitel  and  Baylor  gages  were  mounted  on  the  pier  where  the  water 
depth  was  approximately  25  ft  (7.6  m)  at  mean  low  water.  The  Vitel  gage 
was  mounted  in  a  stilling  well  that  was  attached  to  the  landward  side  of 
one  of  the  pilings  of  the  FRF  pier.  A  stilling  well  was  used  in  this  applica¬ 
tion,  to  provide  structural  support  for  the  relatively  fragile  sounding  tube 
(0.5  in.  (1.3  cm)  in  diameter)  rather  than  to  damp  the  wave  field.  In  fact, 
the  well  was  completely  open  at  the  bottom  end,  and  no  specie*  h^uia nnc 
damping  was  used.  Users  desiring  to  use  the  Vitel  gage  in  an  application 
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Figure  1.  Orientation  of  the  Vitel  gage  and  the  Baylor  wave  gage  on  the  pier 
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wave  field.  The  Baylor  wave  gage  was  mounted  along  the  center  line  of 
the  pier  halfway  between  the  pile  with  the  Vitel  gage  on  it  and  the  next 
landward  pile  (Figure  1). 

Data  Collected 


From  the  beginning  of  July  1992  until  mid-October  1992,  there  were  ap¬ 
proximately  73  days  during  which  data  were  collected  simultaneously 
with  the  Vitel  gage  and  the  Baylor  wave  gage.  These  data  included  a  vari¬ 
ety  of  wave  conditions,  ranging  from  calm  to  periods,  with  a  zero-moment 
wave  height  of  approximately  3.25  m.  There  were  a  few  periods  during 
this  time  when  the  Vitel  gage  was  not  operational,  and  one  short  period 
when  the  gage  was  operational  but  did  not  appear  to  be  functioning  prop¬ 
erly.  The  data  from  this  latter  period  were  edited  out. 


The  wave  gage  data  are  continuous,  with  the  exception  of  a  few  gaps  of 
no  more  than  4  hr.  The  data  for  each  of  the  months  from  both  tire  Vitel 
gage  and  the  wave  gage  are  presented  in  Figure  2. 


Figure  2.  Time  series  of  standard  deviation  of  the  Vitel  gage  and  zero-moment  height 
from  the  Baylor  wave  gage,  July-Oetober  1592.  (Note:  Upper  line  is  Bayior  wave  gage; 

lower  line  is  Vitel  gage) 


Comparison  of  Gage  Measurements 

The  zero-moment  wave  height  is  estimated  from  the  Baylor  wave  gage 
data  by  multiplying  what  is  in  essence  the  standard  deviation  of  the  wave 
record  (as  calculated  from  the  energy  density  spectrum)  by  4.0.  Therefore, 
there  should  be  a  linear  relationship  of  a  factor  of  4  between  the  standard 
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deviation  measured  by  the  Vitel  gage  and  the  zero-moment  wave  height 
measured  by  the  Baylor  gage.  A  comparison  was  made  between  the  stan¬ 
dard  deviation  of  the  Vitel  gage  and  the  zero-moment  wave  height  mea¬ 
sured  by  the  wave  gage  to  determine  if  there  was  such  a  relationship. 

Since  the  sampling  interval  of  the  instruments  was  different  it  was  nec¬ 
essary  to  average  several  records  of  the  standard  deviation  from  the  Vitel 
gage  to  compare  to  the  zero-moment  wave  height  calculated  by  the  wave 
gage.  To  obtain  a  proper  estimate  of  the  average  standard  deviation,  it 
was  necessary  to  square  the  individual  standard  deviations  from  the  Vitel 
gage,  average  the  squares,  and  then  take  the  square  root  of  that  average. 
The  sampling  interval  of  the  wave  gage  was  not  an  even  multiple  of  the 
sampling  interval  of  the  Vitel  gage;  therefore,  it  was  sometimes  necessary 
to  average  six  readings  from  the  Vitel  gage  and  other  times,  five  readings. 

Figure  3  is  a  plot  of  the  zero-moment  wave  height  versus  averaged 
standard  deviation  for  all  available  data.  From  Figure  3  there  appears  to 
be  a  nearly  linear  relationship  between  the  zero-moment  wave  height  and 
the  standard  deviation  (std  dev)  of  the  Vitel  gage.  Using  the  method  of 
least  squares,  a  first-,  second-,  and  third-order  polynomial  were  fitted  to 
the  data.  The  first-order  polynomial  is  shown  as  a  solid  line  and  has  the 
form 


-  0.10  +  3.71  *  std  dev 


The  second-order  is  shown  as  a  short-dash  line  and  has  the  form 


,  =  0.06  +  2.40  *  std  dev  +  1.87  *  std  deV 


The  third-order  is  shown  as  the  long-dash  line  and  has  the  form 


Hma  =  0.14  +  1.41  *  std  dev  +  5.08  *  std  dev2  -  2.77  *  std  dev3 


The  standard  deviation  of  the  fit  (in  meters)  is  0.09  for  the  first-order 
polynomial,  0.07  for  the  second-order  polynomial,  and  0.07  for  the  third- 
order  polynomial. 

Another  comparison  was  made  between  the  zero-moment  wave  height 
from  the  Baylor  gage  and  the  individual,  unaveraged  standard  deviations 
from  the  Vitel  gage  (Figure  4).  A  linear  relationship  was  observed,  similar 
to  that  for  the  averaged  Vitel  data.  A  least  squares  fit  of  a  first-,  second-, 
and  third-order  polynomial  was  performed.  The  first-order  polynomial, 
represented  in.  Figure  4  by  a  solid  line,  has  the  form 
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Figure  3.  Plot  of  zero-momertt  wave  height  from  the  Baylor  wave 
gage  versus  averaged  standard  deviation  from  the  Vitel  gage 


Figure  4.  Plot  of  zero-moment  wave  height  from  the  Baylor  wave 
gage  versus  individual  standard  deviations  from  the  Vitel  gage 
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me  second-order  polynomial,  shown  as  a  snort-dash  line,  has  the  form 
Hmc  =  0.06  +  2.43  *  st d  dev  +  1.77  *  std  dev2 
The  third-order  polynomial,  shown  as  the  long-dash  line,  has  the  form 


eHmo  -  0.16  +  1.21  *  std  dev  +  5.69  *  std  dev^  -  3.35  *  std  devJ 


The  standard  deviation  of  the  fit  is  0.11  m  for  the  first-order  polyno¬ 
mial,  0.09  m  for  the  second-order  polynomial,  and  0.09  m  for  the  third- 
order  polynomial. 


uiscussion 


For  the  best  linear  fit  to  this  data  set,  the  zero-moment  wave  height  was 
related  to  the  standard  deviation  of  the  Vitel  gage  by  a  factor  of  3.71.  As 
discussed,  the  theoretical  value  for  this  factor  should  be  4.0.  Several  fac¬ 
tors  may  explain  this  discrepancy: 


•  The  Baylor  gage  integrated  only  over  the  frequency  range  from  0.04  to 
0.50  Hz  instead  of  the  hill  frequency  range. 


•  The  Vitel  gage  was  located  along  a  piling  (3  ft  (0.9  m)  in  diameter),  as 
shown  in  Figure  1.  The  piling  may  have  affected  the  wave  pattern  at 
this  location,  especially  for  low-amplitude,  high-frequency  waves  and 
waves  from  certain  directions.  The  Vitel  gage  was  mounted  inside  a 
stilling  well,  which  also  served  to  filter  out  the  low-amplitude,  high- 
frequency  surface  waves. 


For  the  Vitei  gage,  water  has  to  flow  up  and  down  inside  a  small  tube. 
The  friction  between  the  sides  of  the  tube  and  the  water  may  have  al¬ 
tered  the  height  of  the  water  in  the  tube  relative  to  the  true  water  level 
by  retarding  the  flow  of  the  water. 


•  A  slight  difference  in  the  sampling  intervals  of  the  instruments  oc¬ 
curred. 

Conclusions 


Conclusions  based  on  this  comparison  study  are  summarized  below. 

©  The  use  of  a  Vitel  gage  to  measure  the  wave  climate  at  a  location  has 
promise. 
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•  Correlation  between  the  standard  deviation  of  the  water  level  mea¬ 
sured  by  the  Vitel  gage  and  the  Hmo  may  be  site  specific.  Therefore,  the 
correlation  between  hie  standard  deviation  and  the  Hnt0  must  be  deter¬ 
mined/verified  at  each  new  site. 

•  Because  of  mounting  constraints,  nearby  structures,  and  prevailing 
wave  climate,  the  Vitel  gage  may  not  give  acceptable  estimates  of  the 
Hmo  in  some  applications. 

•  Six-min  averages  from  the  Vitel  gage  produced  estimates  of  HWo  nearly 
as  good  as  30-  or  36-min  averages.  Depending  on  requirements,  aver¬ 
aging  of  the  gage  output  may  not  be  needed. 

•  Statistical  analysis  of  the  data  is  needed  to  establish  confidence  inter¬ 
vals  on  the  correlation  of  the  Vitel  gage  measurements  to  the  HniQ. 
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